. INTRODUCTION
A number of calculation methods in traffic assignment have been proposed and developed so far.
But the author considers that they can be classified into the following three principles, the principle of travel time ratio1), that of equal travel times') and that of minimizing total travel time.
The principle of travel time ratio is that, if our attention is paid to a certain OD traffic, the shorter the travel time of a route is, the higher the choice rate of it becomes.
The principle of equal travel times is that travel times are identical on all routes used between two zones and less than (equal to) the travel times on all unused routes. And the principle of minimizing total travel time is that the total travel time of the flows over the road network is the smallest.
Among these principles there exist such relationships as follows.
Let us consider first the relationship between the principle of travel time ratio and that of equal travel times1). The assignment equation of the principle of travel time ratio is formulated such as choice rate of a route between an OD is in conversely proportion to n-th power of its travel time.
In this equation it means that, the larger the value of the coefficient of travel time ratio n is, the more sharply travel time reacts to choice of a route, and that, against this, when n is achieved to zero routes are chosen equally in probability. Namely, it shows that in former case the solution comes near to that of the principle of equal travel times and in latter case, to that of uniformity assignment.
On the other side, the relationship between the principle of equal travel times and that of minimizing total travel time are explained by H. Inoue). In short, it is concluded that these two assignment principle can be treated by a same method if only the capacity function which denotes relation between traffic volume and travel time on a road section is transformed. Now the auther have investigated the uniqueness of the set of solutions on the principle of travel time ratio through a simple example in which routes between an OD do not overlap each other on any road section and proposed the calculation methods1).
One is an iteration method : if the principle of travel time ratio of an OD is satisfied, the OD is exchanged for another OD and the procedure is continued until those of all OD are realized. The another is a division method. The division method in this principle is that : an OD table is sliced into a number of decomposed layers at the beginning.
And whenever the assignment of the OD traffic demands of each layer to the given routes is over, the travel time of each road section is adjusted and the next sliced OD traffic demands are assigned on the basis of the travel time ratio adjusted just now. This procedure is continued till all OD traffic demands are assigned up.
After this through some examples, it is made sure that the results of these two methods are not so much defferent.
From this, furthermore, the uniqueness of the set of solutions based on the principle of travel time ratio can be induced, if assigned routes are given, even though routes of some OD traffic overlap each other. By the way, in the division method used very often up to now OD traffic demands of each layer are assigned to their shortest routes at any stage of the procedure5).
Therefore it can be understood that the precedent division method is equivalent to the case that the coefficient of travel time ratio n is infinity and found that the assiginment had been performed on the basis of the principle of equal travel times.
The result by the precedent division method, however, is not always consistent with that of the principle of equal travel times. Because it may sometimes, not so often, happen that the existing routes based on the principle of equal travel times vanish when the OD traffic demands increase under the constant OD pattern (which is the normalized ratio of OD traffic demands)6) Accordingly, the precedent division method should be regarded as the method of an approximate calculation for the principle of equal travel times.
If it may be admitted to perform the assignment on the basis of the principle of equal travel times by the division method, the assignment based on the principle of minimizing total travel time can be carried out equally from the reason described above.
After all, the solution of the principle of travel time ratio, that of equal travel times and that of minimizing total travel time can be all obtained by the division method. But as above, these solutions do not always agree with their exact solutions even though the number of the division is so large. Nevertheless even in that case it may be considered that the solutions will not be so much different from their exact solutions.
There exist methods to obtain the exact solutions based on each traffic assignment principle respectively-1)i 3) '7), but they are all theoretically advanced, and the computational procedure are considerably complicated.
As compared with this, the division method can be easily understood by anyone and has a merit to be able to calculate briefly even if the capacity function is nonlinear.
Besides, when we evaluate an actual road network, considering the irregularity and the fluctuation of traffic demands, even the approximate calculation by the division method may be sufficient. Accordingly, it can be said that the division method should be utilized as a practical and convenient method.
Meanwhile, the author considers that those assignment principle should be used as follows. First, as for the principle of minimizing total travel time, since the object of this principle is maximization of road network efficiency, so travellers are obliged to behave in such a way that they consider the overall situation and not just what suit themselves. And so the situation caused by this principle seems unlikely to be achieved in practice, as far as they choose subjectly their routes which seem to be more desirable.
Therefore, this principle should be applied for problems of transportation planning for goods, for instance, those which are carried whithin a factory. That is, a traffic phenomenon on a road network can not be dealt with by this principle.
Conversely, travellers' willingness for the choice of route are considered in the principle of travel time ratio and in that of equal travel times. Where, it is assumed that any driver chooses a root that seems to be quicker. Then, we can say that the principle of travel time ratio will come into being if information for their choice of root, or, travel time, the degree of congestion and road condition, are vague.
And the principle of equal travel times will be realized if any driver gets information for that completely. Ina word, it can be said that the former principle is based on the standpoint of imperfect information and the latter principle is based on that of perfect information.
Therefore, if the distance of an OD traffic is very long the principle of travel time ratio may be applied and if short the principle of equal travel times may be used. But in the case of the principle of travel time ratio there exists a unique set of solutions respectively according to how to designate the routes to be assigned. It can be said, therefore, that the evaluation of the traffic flow over the whole road network based on this principle is wanting in objectivity in this aspect.
On the other hand, because a set of solutions based on the principle of equal travel times, which is the set of traffic demands on road sections, are uniquely determined such a problem will never happen.
Hence if we want to lay emphasis on objectivity in the evaluation of the road network, the assignment is obliged to carry out on the basis of the principle of equal travel times.
ASSIGNMENT EQUATION ON THE BASIS OF THE PRINCIPLE
OF TRA-VEL TIME RATIO1)
Let us denote the p-th path flow of the k-th OD and its travel time as Xpk and Tpk respectively.
Then, the choice rate of the p-th path between kth OD, mpk is determined by their travel time ratio as below.
(
Where, we assume that there exist q OD pairs and that the k-th OD has rk routes and the traffic demand is Qk. In eq. (1), n is the coefficient of travel time ratio. If r=2 and n=6, eq. (1) is equivalent to the equation of conversion ratio shown by AASHO. The travel time Tij over the road section ij increses as traffic volume Xi; on it grows, and so let us express the relation between them as ( 2 ) As Xij is composed of the path flows passing through there, it is written as
From this, eq. (2) is represented as follows.
And T, is written from eq. (4) as ( 5 ) On the Principles and the Approximate Calculation Methods of Traffic Assignment 111 Accordingly, eq. (1) is ( 6 ) In eq. (6) Let us concider a simple example that there exists a single OD pair with paralleled routes.
And let us simplify the notation and denote path flow and traffic demand of the OD as X/, and Q. Then, eq. 
where, C=XpOn(Xp) is given. 
The division method Against the above iteration method, the division method comes from the fact shown as below.
Observing how a pattern of social phenomenon chages, it can be said generally that a phenomenon in next time point will come into being, based on the information in present time point. For example, if there exist some traffic demands already on the road network, any traveller who is generating newly will choose his route which seems to be more desirable or quicker, judging from the traffic situation caused by the present traffic demands.
Namely, such a thing repeats one after another and a pattern of social phenomenon will change gradually.
The division method is the method into which this concept is introduced, and its computational procedure is as follows.
The unit OD 
First, traffic demand P is assigned to the road network in the ratio of the travel time of each route on which there are no traffic demand. Then the traffic demand on each road section of the first time is gained. And the travel time is corrected to correspond to the traffic demand.
And next using this adjusted travel time, the second P is assigned and the traffic demands of the first and the second assignments are summed up on each road section.
After this the assignment calculation is similarly continued to the m-th time. Here it can be noticed that the solution approaches to the exact solution to a certain extent as the number of the division m becomes large. Now let us compare the solution between these two methods. And the routes of them are designated as shown in Fig. 1 .
The relation between travel time and traffic volume on road section ij is assumed to be a linear function for the present as Table 2 and Table 3 .
As regard the division method, in order to observe the difference among solutions caused by the number of the division m, four cases of the calculation are performed ; m is 5, 10, 100 and 1 000. The results are shown in the section of division method in Table 2 and 
RELATIONSHIP BETWEEN THE PRIN-CIPLE OF TRAVEL TIME RATIO AND THAT OF EQUAL TRAVEL TIMES
It can be said that the coefficient of travel time ratio n is the parameter which denotes to what extent travellers get the information to choose their route as a whole (in this paper, only travel time is considered as the information).
Let show actually this by changing the value of n.
When n=1 and n=30, the assignment are performed on the same example.
The results are shown in Table 4 . Here the division method is used in the calculation and the number of the division is 100. From Table 4 and Table 2 (n=6), it is found that the larger the value of n is, the less the difference among travel times of the routes between each OD becomes.
This can be understood easily from eq. (1). That is, the effect of travel time on choosing route goes more conspicuous as n becames larger. And if n is infinity, traffic demands of any OD concentrate into some routes between the OD and travel times of them becomes equal. Namely this result agrees with that of the principle of equal travel times. Conversely, if n is zero, this denotes that travel time is of no value as inf ormation for the choice of route. And so, routes are chosen in equal probability. Accordingly, this assignment agrees with the equality assignment. Actually, travel time is uncertain because of variation and irregularity of traffic demand, so each driver chooses his route under the vague information. Therefore, n takes a certain constant between zero and infinity. Now, in case of the presented division method, each OD traffic demand of any divided layer is respectively assigned to its shortest route under the adjusted travel time. This is equivalent to the case that n is infinity. In other words, it can be concluded that the precedent division method had been performed so that the principle of equal travel times may be realized.
Let us compare the assignment result by the precedent division method with that based on the principle of equal travel times. They are shown in Table 5 and 6. Table 5 shows traffic demands over routes and Table 6 expresses those on road sections. In this case, as compared with the result in Table  2 , which is based on the principle of travel time ratio, path flow X11 of OD traffic 1 vanishes and path flow X32 of OD traffic 2 appears newly. This is because traffic assignment by the principle of travel time ratio has a unique set of solutions peculiar to how to give the routes.
That is, routes shown in Fig. 3 are only designated for the convenience of the calculation. Therefore, we canot but say that the result of this assignment is lack in objectivity.
As against this, the routes based on the principle of equal travel times are absolutely determined uniquely and they are shown in Table  5 . At this time the degree of the influence of the number of the division m to the solution is pretty larger than the case of the travel time ratio assignment.
In these numerical examples, it may be considered that the solution by the division method agrees with that of the assignment based on the principle of equal travel times, when the number of the division is 1 000. Observing the case that the number of the division m is 5, 10 and 100 it is interesting that the choice rate of a route of which travel time is shorter is not always higher. Traffic demands on the road sections are tabulated in Table 6 . They are not so much different from those in If each term of eq. (20') is regarded as an assumed travel time, this equation is equivalent to equal travel times equation. Accordingly, the assignment based on the principle of minimizing total travel time can be carried out in the same way as that based on the principle of equal travel times. In short, it can be concluded that the assignment based on the principle of minimizing total travel time in which the capacity function is T=cb(X) is equivalent to that based on the principle of equal travel times if only the capacity function is converted to T=d{s6(X)X}dX.
Conversely, the latter assignment is equivalent to the former assignment if only the capacity function is changed to T= Therefore, even the assignment on the basis of the principle of minimizing total travel time can be performed by the division method by converting the capacity function.
But the solution by this method does not always agree with the exact solution is similar to the former case. The author has held that the assigned flow pattern (a normalized ratio of traffic demands on road sections) will change to make the total travel time, which is viewed from a aspect of the pattern, smaller as traffic demands under the fixed OD pattern increase. These are evident from the above discussion.
Further it can be recognized that the assignment pattern of equal travel times approaches gradually to that of minimizing total travel time along with the growth of traffic demands, because constants in the capacity function of eq. (15) 
